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Certain experiments recently reported have indicated that the pH of 
the medium on which tubercle bacilli are grown may have a profound 
influence on the  colony morphology of these organisms.  Moreover, 
it has been observed in this laboratory that the use of acid or alkali 
in isolating tubercle bacilli from infected tissue has a definite tendency 
to inhibit the development of certain colony variants without inhibit- 
ing the total amount of growth. 
Steenken, Oatway, and Petroff (1)  found that when human tubercle bacilli, 
Strain H-37, were grown on either Petroff's or Calmette's medium adjusted to 
pH 6.1, the colonies were characteristically granular and rough.  By selection of 
colonies  and  repeated  transplantation  on  these  media,  colony  variants were 
obtained which possessed very low pathogenicity.  However, when low, veil-like, 
spreading,  stippled colonies were grown on Petroff's medium adjusted to pH 7.2, 
these variants  possessed  the  full virulence of the parent  undissoclated  strain. 
Similar observations were again reported by Steenken (2) who employed synthetic 
medium adjusted to pH 6.0 or pH 7.6.  At pH 6.0 the growth of the human strain, 
H-37, was dense and compact, whereas at pH 7.6 it was veil-like and spreading. 
Both variants proved to be virulent for guinea pigs but an~mais inoculated with 
the variants grown at pH 7.6 died the more quickly. 
Birkhaug (3)  also  studied  certain  relationships  between  the  hydrogen  ion 
concentration in the medium and the colony morphology of tubercle bacilli.  He 
found maximal growth (dry weight)  of S variants in  acid medium, and of  R 
variants in alkaline  medium.  He studied the reaction curve during growth of 
dissociated strains on fluid medium, observing that mammalian S forms and avian 
* Presented in part at the Thirty-First Annual Meeting of the National Tuber- 
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R forms render the medium more acid,  while mammalian R  forms and avian S 
forms cause increased alkalinity. 
A short time ago we (4) observed that various strains of human tubercle bacilli 
in primary culture produced considerable  numbers of smooth, rounded colonies, 
as well as flat, spreading, finely granular colonies, or others more coarsely granular 
and irregular in contour.  In controlled experiments it was shown that greatest 
numbers of smooth colonies were obtained by growing the organisms on Corper's 
medium and by avoiding the usual procedure of destroying contaminating organ- 
isms  with acid or alkali.  The latter observation indicated that certain colony 
variants might be susceptible  to acid or alkali,  and therefore to differences in pH 
of the  medium.  A  preliminary experiment  (4)  showed  marked  differences  in 
colony form of organisms grown at various pH values,  with a probable optimum 
pH for the smooth variants.  The latter observation was confirmed and extended 
in experiments reported briefly elsewhere (5).  The present communication is a 
detailed report of the cultural studies. 
It will be shown in the following paragraphs that the colony topog- 
raphy in cultures of tubercle bacilli is profoundly influenced by varia- 
tions in the pH of the basic medium used (Corper's).  The variations 
to  be described are not rigidly confined, but the  more acid medium 
(pH  6.0)  favors the  growth  of granular  colonies,  the  more  alkaline 
medium (pH 6.8 to 7.4) favors the growth of veil-like, spreading colony 
variants,  whereas  the  greater number of smooth,  glistening  colonies 
develop on medium adjusted  to pH values of 6.4 to 6.8.  It will also 
be  shown  that  these variations  apply to  strains  of low virulence,  as 
well as to strains of high virulence, and that the range of pH apparently 
optimum for development of smooth  colonies varies with the type of 
organisms (human, bovine, or avian). 
Materials  and Methods 
In order to apply the method to a study of strains of tubercle bacilli possessing 
widely varying pathogenic properties, twenty-five strains were used in the experi- 
ments.  These included three avian, twelve bovine, and ten human type strains. 1 
Data concerning  the source and date of isolation of these strains are recorded in 
Table I.  The pathogenic properties of nineteen of these strains were discussed 
previously (6), and for convenience are recorded in Table I. 
1  In the preliminary report it was stated that eleven bovine and eleven human 
type strains were used.  It has since been established  (6) that one of the strains of 
human origin  was of bovine type, which  accounts for the discrepancy in these 
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TABLE  I 
Strains of Tubercle Bacilli Used in Cultural Studies with Data Regarding  the 
Isolation and Pathogenic Properties of Each 
I  Relative  Strain of T.B.  Isolated by  Isolated from  Date of isolation  virulence 
Avian R 
"  S 
"  TS 
Bovine B-I 
"  32 
M. C. Kahn* 
Theobald Smith 
E. R. Baldwin 
Theobald Smith 
33 
34  " 
35  " 
36  " 
37  " 
38  " 
39  " 
40  " 
Kilty  K.C. 
Fowl 
Cow 
About 1910 
"  1910 
"  1930 
1904 
Apr.,  1928 
"  Ravenel 
Human H-37 
"  Jamaica 
"  MR 
"  3103 
"  3104 
"  Thompson 
"  Bell 
"  3421 
"  3422 
"  Burroughs 
,c 
~c 
c~ 
c, 
c~ 
Smithburn 
~c 
Human. 
Wrist fluid 
May,  1928 
Apr.,  1929 
"  1929 
"  1929 
Oct.,  1929 
Mar., 1932 
Oct.,  1932 
Jan.,  1933 
Feb.,  1934 
M. P. Ravenel 
E. R. Baldwin 
J. Freund 
K. C. Smithburn 
R. M. Thomas 
K. C. Smithbum 
Human. 
Sputum 
Human. 
Tracheal node 
Human. 
Psoas abscess 
M. rhesus. 
Spleen 
Human. 
Knee biopsy 
Human. 
Psoas abscess 
Human. 
Sputum 
Human. 
Spinal fluid 
Human. 
Spinal fluid 
Human. 
Sputum 
About 1905 
1905 
Autumn, 1933 
Dec.,  1933 
Jan.,  1934 
"  1934 
Feb.,  1934 
Reisolated 
Feb.,  1934 
May,  1934 
"  1934 
June,  1934 
Low 
"  t 
High 
Low 
~c 
Moderai 
Low 
High 
Low 
High 
cc 
Modemt 
High 
Moderat 
lc 
,c 
* These  R  and  S  variants  were supplied  to  us  by  Dr.  M.  C.  Kahn,  Cornell 
University Medical College, New York, on Sept.  18,  1930.  They are the strains 
studied by Kahn  (8) and Petroff (9, 10) in their respective researches on dissocia- 
tion of avian tubercle bacilli. 
t  This variant,  when  obtained,  was  highly pathogenic  but  has  since  become 
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The  basic medium used in the  experiments was  the  glycerolated egg  yolk 
medium with Congo red, proposed by Corper and Cohn (7).  3,600 cc. or 1,800 cc. 
lots of the medium were prepared and divided into eight or four flasks, each con- 
taining about 450 cc.  The pH of each lot was determined by the glass electrode 
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method.  2  The pH of each flask of medium was then adjusted to the desired value 
by fractional additions of 5/1.5 KH~PO4 or Na~HPO4.  No attempt was made to 
We wish to acknowledge the generosity of Dis. D. A. MacInnes, T. Shedlov- 
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prepare the medium in such a manner that the pH would remain constant during 
growth; therefore only one buffer was added to any one lot, and this in just suffi- 
cient quantity to bring the pH to the desired value.  This was a somewhat time- 
consuming procedure; but it was found that if a  graph were plotted to show the 
amounts of buffer used to produce the various changes in pH, the curves obtained 
were  quite smooth.  Since various lots of standard medium varied in  pH from 
6.34 to 6.50,  the data obtained in successive experiments did not all fall on the 
same, curve  (Charts  1 and 2), although the type of curve obtained was in each 
case similar. 
Charts 1 and 2 are titration curves for Corper's medium against acid and alka- 
line buffers respectively.  The data obtained in three experiments, wherein the 
original pH of the medium varied slightly, are superimposed on the charts.  The 
of  Smooth  Smooth or  Smooth 
Intermediate  intermediate 
CI~mT 3 
portions of the two curves represented as broken lines are so indicated because 
basal calculations were necessary in these regions and no absolute data were avail- 
able.  From these charts it may be seen that the addition of a  definite quantity 
of either buffer, as indicated on the graphs, to medium of known original pH would 
give a  final pH within 0.1  pH or less of a  desired value.  For absolute precision, 
titration curves for medium of various original pH values, with many additions of 
buffer, would be necessary.  The methods employed, however, are wholly adequate 
for this type of work. 
After the pH of each flask of medium had been adjusted, 5 to 7 cc. portions of 
the latter were placed in culture tubes of 20 to 25 cc. capacity, and the slants were 
inspissated in the usual manner.  Sterility of the medium was determined by incu- 
bating at 37°C. for 2 to 4 days. 
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mental change occasioned  by variations in pH of the medium, no attempt was 
made to select  colonies of different t6pography for transplanting.  A quantity of 
organisms was merely removed from the parent culture with a platinum spatula 
and triturated just above the fluid  level of saline  in a  small flask or tube; the 
container  was  shaken  to  suspend  the  organisms.  Suspensions  were  prepared 
sufficiently dilute that colony topography could be ascertained.  In order to avoid 
the possibility of eliminating variants which have a  marked tendency to clump, 
the bacterial suspensions  were not filtered.  Transfers of each bacterial suspension 
were made in triplicate or duplicate by seeding each tube with 0.3 to 0.4 cc. of the 
suspension.  In the first generation of cultures on medium of adjusted pH, all 
cultures of a given strain of organism wer~ seeded from a single suspension  of the 
stock  culture.  In  subsequent  generations  transfers  were  also made from sus- 
pensions but always from medium of one pH to medium of the same pH value. 
Chart 3 illustrates this point and indicates certain general features of the colony 
topography observed at each pH. 
Chart 3 shows the means by which subcultures of each strain of tubercle bacilli 
were derived in this study.  The notations at the lower border indicate the pH 
values at which various colony variants appeared in greatest number. 
After seeding, the cotton plug in each tube was covered with paraffin (m.p. 56- 
58°C.) and the tubes were incubated at 37°C.  Each culture was twice examined 
with a binocular dissecting microscope during the 3rd and 4th or 5th weeks of incu- 
bation, and again after about 6 months.  At each examination records were made 
pertaining to the amount of growth, the morphological variants present on each 
slant, and the approximate per cent of the whole  which each comprised.  The 
results to be discussed  are those obtained in a study of three generations each, of 
twenty-five strains of organisms.  In the first generation the medium was adjusted 
to eight different pH values so that there were approximately 600 cultures.  Four 
values for pH of the medium were employed in the second and third generations, 
so that the whole number of cultures involved in this study was but slightly under 
1,200.  Contaminated cultures were discarded and not considered.  They com- 
prised less than 2 per cent of the total number of cultures. 
RESULTS 
Marked  variation  in  colony  topography  of  organisms  grown  at 
various pH values occurred in eighteen strains in the first generation. 
The remaining seven strains  (all human type) showed similar changes 
in the second generation.  Since the variations differed with the type 
of organisms, these will be discussed  separately. 
Avian  Type  Tubercle Bacilli.--At pH 6.0 and pH 6.2  a  moderate number of 
typical rough colonies occurred in each generation, but these were most numerous 
in the first generation; and in each of the three generations the avian R  variant 
(Kahn,  see  Table I)  showed greater  numbers  of  irregular,  tortuous,  granular KENNETH  C.  SMITHBURN  101 
colonies than did the avian S or TS strains.  However, even at pH 6.0 and 6.2 each 
strain of avian organisms showed many rounded, glistening colonies which  were 
called smooth.  Through the pH range 6.4 to  7.0 all  the colonies of each of the 
avian strains were moist, shiny, rounded,  glistening,  and  non-pigmented.  The 
avian  S  and TS  colonies  were morphologically indistinguishable,  although  the 
former is avirulent and the latter highly virulent.  At pH 7.2 (and pH 7.4, first 
generation) there was a  tendency for the colonies to be flatter, but they were still 
regular in  contour,  glistening,  and  devoid of granular  characteristics.  Growth 
was slightly less vigorous above pH 7.0.  Mter 6 months the smooth topography of 
the avian S and TS strains was maintained with little or no change; the avian 
1~. variant, however,  showed secondary  growth of  "wormy," granular  colonies, 
and some of the smooth colonies showed a narrow, spreading, veil-like border. 
The avian strains at the various pH values showed differences in the ease with 
which they could be suspended in saline.  The colonies grown at pH 6.4 and 6.8 
were more easily suspended than those grown at pH 6.0 or pH 7.2.  At pH 6.0 
the organisms showed a moderate tendency to clump, while at pH 7.2 the growth 
was sometimes difficult  to suspend, not because of a  tendency to flocculate  but 
because of a slimy stickiness which made dispersion difficult. 
It is clear that smooth variants of  avian  tubercle  bacilli,  whether 
derived  from  virulent  or  avirulent  strains,  were  produced  over  a 
broad range of pH; the rough variants appeared only on the more acid 
medium and even then not to the exclusion of smooth forms. 
Bovine  Type  Tubercle Bacilli.--Each  of  the  twelve  bovine  strains  showed 
variations in  topography dependent  upon  the  pH of  the  medium in  the  first 
generation.  At pH 6.0  and pH 5.2  the  colonies  were  predominantly granular; 
some of them were characteristic, dry, tortuous, irregular, coarsely granular forms, 
rising sharply from the medium but adhering to its surface.  These were designated 
rough.  Other colonies, present in greater number, were more finely granular and 
had a tendency to spread over the surface of the medium; with prolonged incuba- 
tion  these  became  tortuous,  "wormy,"  and  matted  together,  and  sometimes 
developed pale yellow pigmentation (especially bovine Strain 37).  Small numbers 
of opaque,  rounded  colonies  were  present in  the first weeks  of incubation but 
became stippled or knobby in appearance later and often developed a  granular 
veil.  The latter  type of colonies  constituted about  11  per cent of the growth~ 
whereas the granular variants constituted about 89 per cent.  In the second and 
third generations the morphologic variants were similar but more moist in appear- 
ance until aged. 
At pH 6.4 through pH 6.8  the granular variants of bovine strains showed a 
sharp decline in numbers, while the smooth, rounded, glistening colonies were most 
numerous.  The latter constituted 23 to 90 per cent of all colonies in this pH range. 
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in appearance.  At these pH values the growths were composed almost exclusively 
of  finely  granular,  spreading,  veil-like  colonies  (intermediate)  and  glistening, 
rounded, non-granular forms (smooth).  Smooth non-granular colonies of bovine 
tubercle bacilli grown at pH 6.4 and pH 6.8 are illustrated in Figs.  1 and 2 respec- 
tively.  Fig.  2  may be compared with Figs. 5 and 9 of human tubercle bacilli 
grown at the same pH (6.8).  These photographs illustrate the  broader range for 
smooth colonies among bovine type organisms.  With aging, the veil-like colonies 
became wrinkled but less "wormy" and matted than similar colonies  grown on 
more acid medium; the smooth colonies,  upon aging, often lost lustre and some- 
times showed secondary growth of a veil-like border, or of superimposed colonies, 
but in general their topography was quite well preserved. 
At the more alkaline pH values the bovine type bacilli produced almost exclu- 
sively a  third  type of  colony which  we  have designated  intermediate.  These 
colonies  were low,  flat, spreading, semitransparent forms, usually with rounded 
margins and often with elevated centers.  In some instances they were glistening 
and homogeneous; in others finely granular, but eventually most of them became 
finely granular.  Truly rough colonies  occurred but rarely and then only in the 
first generation.  A moderate number of smooth appearing colonies were present 
in the early stages of growth but these eventually acquired the topography of the 
intermediate forms described above. 
The bovine type bacilli then produced three variants instead  of two, 
as in the case of avian organisms.  The more granular  forms occurred 
most abundantly on the more acid medium, the smooth  forms in the 
mid-range of pH, and the third variant, designated intermediate,  was 
produced almost to the exclusion of other forms on neutral or alkaline 
medium.  Organisms grown  at pH  6.0  were least readily suspensible, 
those  grown  at pH  7.2  somewhat more readily,  while  the  organisms 
grown  at  pH  6.4  and  pH  6.8  were  in  general  much  more  readily 
suspensible. 
Human Type Stralns.--In the first generation of cultures grown on medium of 
various pH values, seven human strains showed only moderate differences in colony 
morphology,  whereas  three  strains (including  H-37)  showed  sharp  variations 
depending on the pH of the medium.  In the second and third generations all 
strains showed similar variations.  The morphologic variations induced among 
the human type strains by altering the pH of the medium were in many respects 
like those noted among bovine type strains.  Again three principal colony forms 
were observed.  And again the more granular colonies  were more numerous on 
the most acid medium, while  the intermediate colonies  were most numerous on 
the more alkaline medium,  The apparent optimum range of pH for the develop- 
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At pH 6.0 (and pH 6.2 in the first  generation)  granular,  irregularly  shaped 
colonies were more numerous  than at other pH values.  The number of these 
rough forms increased in successive generations  from 2 to 8 and then 18 per cent 
of the whole number of colonies.  At this pH, however, the predominating  colonies 
were finely granular  and somewhat  veil-like, becoming  wrinkled,  tortuous,  and 
"wormy" with aging and drying.  The first generation  of human strains  showed 
no smooth colonies at pH 6.0, but in the second and third generations there were 
moderate numbers  of glistening  colonies, some of which became knobby or mu|- 
berry-like  with age.  Granular  variants of human strains  grown  at pH 6.0 are 
illustrated  in Figs. 3 and 7. 
At pH 6.4 the smooth colonies were more.numerous than at the other pH values, 
constituting from 25 to 47 per cent of the whole number of colonies.  A very few 
rough colonies (1 to 5 per cent)  were present,  the remainder  being of the variety 
designated  intermediate.  The  smooth  colonies  of  human  strains  were  quite 
similar  to the smooth variants  of bovine  organisms,  but  in  general  they were 
slightly  less moist and slightly less regular  in contour.  Smooth variants of two 
human strains  grown at pH 6.4 are illustrated  in Figs.  4 and 8; they may be 
compared with smooth variants of a bovine strain in Figs. 1 and 2, and contrasted 
with granular variants of the same human strains  grown on more acid medium 
(Figs. 3 and 7).  The first generation  of human strains  grown at pH 6.6 showed 
fewer smooth colonies than the same cultures grown at pH 6.4, but more than were 
present  at  other pH values,  indicating  that  the optimum pH may be  slightly 
above pH 6.4.  These smooth variants showed the same changes with age as the 
corresponding  bovine  variants: loss of lustre  and growth of secondary  colonies 
which were not smooth. 
Through the pH range 6.8 to 7.2 (and 7.4 in the first generation)  the predom- 
inating  colonies  closely resembled  the  bovine  intermediate  variants.  They 
showed a marked tendency to spread over the surface of the medium.  They were 
fairly regular in contour, often showed elevated  centers, and were finely granular 
in appearance.  In general  these intermediate  colonies of human tubercle  bacilli 
were less glossy than the corresponding bovine variants.  With aging and drying 
they frequently became  wrinkled  and tortuous.  Moderate numbers  of smooth 
colonies occurred at pH 6.8 and fewer at pH 7.2, especially in the early weeks of 
incubation,  but these were far less numerous than at pH 6.4.  Coarsely granular 
or rough variants were seldom seen either at pH 6.8 or 7.2, except after the culture 
was considerably aged. 
The human type strains therefore produced variants similar to those 
of bovine tubercle bacilli.  In the case of the bovine organisms, how- 
ever,  the  optimum  range  of  pH  for  smooth  colonies  on  Corper's 
medium was pH 6.4 to 6.8, whereas among human strains large  num- 
bers  of  smooth colonies occurred  only  at  pH  6.4.  The  pH range 
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slightly more broad than in the case of the bovine organisms.  Inter- 
mediate colonies of two human strains grown at pH 6.8 are shown in 
Figs. 5 and 9.  Note the difference between these and colonies of bovine 
type bacilli grown at the same pH, Fig. 2.  The intermediate colonies 
of the same human strains grown at pH 7.2  (Figs.  6 and  10)  closely 
resemble those grown at pH 6.8. 
DISCUSSION 
Although it seems improbable that any one factor yet ascertained is 
wholly  responsible  for  dissociation  of  tubercle  bacilli,  the  results 
reported indicate the profound influence which a single factor, namely, 
pH of the culture medium, may have in determining the colony form 
of tubercle bacilli.  That this is not the sole determining factor can 
be seen from the fact that pH control does not in any instance (except 
with  avian  bacilli)  eliminate every variant  except  one.  With  the 
mammalian strains used, there were at least two variants present at 
each pH, although the results are striking enough when cultures grown 
at one pH value are compared with cultures of the same strain grown at 
a  different pH value.  8  It must be stressed, however, that with pro- 
longed incubation which allows for secondary growth, the influence of 
pH control becomes less evident.  It is essential therefore in pursuing 
such a study that observations be made at least by the time cultures 
have been incubated for 1 month.  Moreover, it is  equally essential 
that  some means  of  study be  employed whereby  colonies may  be 
magnified four to ten diameters. 
We have employed tubes as containers rather than plates because 
of greater assurance against contaminations and against drying of the 
medium; the latter  is  seemingly an  important  factor.  For  photo- 
graphing cultures, however, tube containers are less satisfactory.  In 
8 The recent work of Deskowitz and Shapiro (11) may bear upon, indeed, may 
offer an explanation for some of the facts under discussion.  In a  study of Sal- 
monella aertrycke these workers found that S variants gave rise only to S variants, 
whereas R variants gave rise to both R and S daughter colonies.  Under constant 
conditions a parent R colony gave rise to constant numbers of R and S daughter 
colonies.  When environmental  conditions were changed, the number of S colonies 
(derived from an R parent) was greatly increased, owing not to a deviation from 
the dissociation constant, but to the circumstance that the altered environment 
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order to overcome this difficulty, the entire slant may be removed from 
the tube with a  sterile platinum spatula and placed in a  sterile dish 
which is then covered with plate glass through which exposures are 
made. 
The avian tubercle bacilli are seemingly less sensitive to alterations 
of pH than the mammalian strains.  However, the avian and mam- 
malian strains behave similarly in one respect,  namely,  the  produc- 
tion of granular colonies on  more acid medium.  Although we have 
failed to observe fiat, spreading, freely granular colonies of avian bacilli, 
these undoubtedly occur, as they have been observed by Petroff (10). 
It may be that the range of pH employed in our studies was not suffi- 
ciently broad  (on the alkaline side) for the development of this var- 
iant.  Smooth variants of avian strains of either high or low virulence 
are produced on Corper's medium over a wide range of pH. 
Among mammalian strains, three principal variants occur.  These 
we have designated rough, smooth, and intermediate.  Rough forms 
of both bovine and human type bacilli occur in greatest numbers on 
the more acid medium  used (pH 6.0).  Smooth colony forms of human 
strains occur in greatest number at pH 6.4 and pH 5.6, whereas bovine 
smooth forms also occur in large numbers at pH 6.8.  In both in- 
stances neutral or alkaline medium  favors the intermediate variants. 
The virulence of nineteen of the strains included in this study has 
been previously studied and reported (6).  In the study of  pathogenic 
properties, only the undissociated stock cultures of each strain were 
used.  It was shown that among bovine type organisms the strains 
varied markedly in virulence from very low to very high, and that 
cultures of either high or low  virulence,  when recovered from  inoculated 
animals, showed similar variations in colony topography; quantita- 
tively, however, the more smooth colonies could be recovered from 
animals  inoculated  with  the  more  virulent  strains.  Now  in  the 
present  study variations  in  topography of  colonies, occasioned by 
alterations of the pH of the culture medium, show that strains of low 
and of high virulence produce similar morphologic variants.  If it 
could be established that none of the variants derived from avirulent 
strains  possess  enhanced  pathogenic  properties,  then  it  could  be 
concluded that dissociation is a  general bacteriological phenomenon 
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pathogens.  Such  a  conclusion  would  in  no  wise  detract  from  a 
further statement that the major pathogenic properties of a  virulent 
strain are associated with some one variant.  Such studies have been 
made; the results,  which confirm these views, will be discussed in a 
subsequent report. 
It may be well to mention, however, that tests of virulence of some 
of the variants obtained  in the present study have been made, and 
that they vary strikingly in pathogenic properties.  The bovine rough 
variant  derived  from  a  highly  virulent  strain  is  only  moderately 
pathogenic; the smooth variant is at least as virulent, if not more so, 
than the parent strain;  and the variant designated intermediate on 
account of its colony form is truly intermediate in pathogenesis.  None 
of the variants of an avirulent bovine strain showed enhanced patho- 
genic properties.  Variants  of  the  Burroughs human strain showed 
moderate differences in pathogenic properties.  The  pH 6.4 culture 
produced the most extensive lesions.  The details of these experiments 
are mentioned here only to facilitate discussion. 
These facts indicate that a delicate mechanism  operates to determine 
both colony form and virulence of tubercle bacilli.  If the factors of 
that mechanism are controlled so that maximum numbers of smooth 
colonies are produced, then greatest virulence is retained.  The bacilli, 
when grown on more acid medium, produce fewer smooth and greater 
numbers  of  rough  colonies  and  suffer  attenuation.  Sensitivity  to 
alkaline  medium is  less,  so  that  still  another  and  but  moderately 
attenuated  colony variant  is  produced.  It  seems likely  that  this 
latter is the explanation for the fact that the pH range most suitable 
for the development of intermediate colonies does not occur between 
those values which are more suitable for R or S variants. 
It cannot be assumed that the colonial variation due to pH would be 
identical  were  some  culture  medium other  than  glycerol-egg yolk 
medium used.  It is possible that with some other culture medium the 
pH values optimum for certain colonial variants might be quite differ- 
ent from those observed in the present study. 
The difference in optimum pH for development of smooth colonies 
which occurs between human and bovine tubercle bacilli might pos- 
sibly be used as an additional means of typing new strains.  In order 
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study of variants would be necessary; and one would need to study 
several cultures made on medium of each pH value. 
It is interesting and perhaps noteworthy that  the pH  best  suited 
to development of smooth colonies of mammalian tubercle bacilli is 
practically identical with that of the vacuoles in the cells which phago- 
cytize the bacilli in the animal body (the vacuoles of monocytes react 
to neutral red showing a pH of about 6.5).  This may indicate that 
at least one host factor is not unfavorable to the invading bacterium. 
SUGARY 
The colony topography of tubercle bacilli is significantly affected by 
altering the pH of the culture medium on  which the organisms are 
grown.  Under  the  conditions of  these  experiments, avian  tubercle 
bacilli produce two variants, rough and smooth. The former are most 
numerous on the most acid medium  used (pH 6.0) ; the smooth colonies 
are obtained over a broad range of pH. 
Three colonial variants of  bovine and human tubercle bacilli are 
described.  Both mammalian types produce greater numbers of rough 
colonies at pH 6.0.  The bovine type strains produce greatest numbers 
of smooth colonies in the pH range 6.4 to 6.8, and intermediate colonies 
on alkaline medium.  The human type strains produce greatest num- 
bers of smooth colonies at pH 6.4 and large numbers of intermediate 
colonies at pH 6.8 and pH 7.2. 
Included among the avian and bovine strains studied are organisms 
of widely varying pathogenic properties.  Virulent and  attenuated 
strains of a given type produce similar colonial variants under similar 
environmental conditions. 
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EXPLANATION  OF PLATES 
PLATE 6 
FIG.  I. Smooth colonies  of  a  bovine  strain  of  tubercle  bacilli,  grown  on  Corper's 
medium at  pH 6.4. Age of  culture,  29 days.  X 8. 
FIG.  2. Smooth colonies  of  a  bovine  strain  of  tubercle  bacilli  grown  on Corper's 
medium, pH 6.8.  Age of  culture,  29  days.  X8. 
FIG. 3.  Rough colonies of the Burroughs strain, human tubercle bacilli,  grown 
on Corper's medium at pH 6.0.  Age of culture, 36 days.  X 8. 
FIO. 4.  Smooth colonies of the same strain as Fig. 3, grown on the same medium 
at pH 6.4.  Age of culture, 36 days.  XS. 
FIG. 5.  Intermediate colonies,  same strain as Figs. 3 and 4, grown at pH 6.8. 
Compare with Fig. 2, showing  bovine tubercle bacilli cultivated under identical 
conditions.  Age of culture, 36 days.  ×8. 
FIG. 6.  Intermediate colonies, same strain as Figs. 3, 4, and 5, grown at pH 7.2. 
Age of culture, 36 days.  X8. 
PLATE 7 
FIG. 7.  Rough colonies of another human strain, Jamaica, grown on Corper's 
medium at pH 6.0.  Age of culture, 105 days.  X8.5. 
FIc. 8.  Smooth colonies of the Jamaica strain, grown at pH 6.4.  Age of cul- 
ture, 105 days.  X8.5. 
FIQ. 9.  Intermediate colonies of the Jamaica strain, grown at pH 6.8, also 105 
days old.  X 8.5. 
FIG. 10.  Intermediate colonies of the Jamaica strain, grown at pH 7.2.  Age, 
105 days.  X8.5. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  63  PLATE 6 
Photographed by Louis Schmidt 
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(Smithburn: Colony morphology of tubercle bacilli.  V) 